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CROSS-REACTIVITY WITH FOOD PRODUCTS, FUNGAL GROWTH, AND 
ACID PHOSPHATASE TESTING 
 
 
KATRINA F. OSTAPOVICZ 
 
ABSTRACT 
Testing potential semen stains on items of evidence typically involves detection of 
acid phosphatase (AP), commonly through the use of the AP Spot test. However, other 
substances are known to produce AP, including common fungi. This suggests that the 
presence of fungal growth in a sample, either through improper evidence storage or 
contamination at the scene, may cause a false positive result with the AP Spot test for 
semen, as it is not specific to seminal acid phosphatase. This study examines the AP activity 
of various food, paper, plant, and non-semen biological samples both with and without 
mold growth, as well as that of known mold culture samples. 
Each sample was deposited onto individual filter papers and five drops of AP Spot 
test solution were added. The samples were monitored for 5 minutes, and an AP-positive 
result was indicated by a color change to violet or pink-violet. All strongly positive samples 
were then tested using ABAcard® p30 immunochromatographic assays for the presence 
of protein p-30 (p30) and RSID™-Semen immunochromatographic assays for the presence 
of semenogelin (Sg). 
The AP Spot test showed strong positive results, in the form of a dark, intense color 
change to violet or pink-violet, in non-moldy cremini mushrooms, portobello mushrooms, 
shitake mushrooms, white mushrooms, pears, bananas, and butter bread. Positive AP Spot 
vi 
test results were also obtained for nine additional non-moldy food products. Sixteen foods 
gave positive AP Spot test results following the development of mold.  All mold culture 
samples showed strong positive results with AP Spot test. Among the non-semen human 
biological samples tested, nearly all exhibited a positive color change, though oftentimes 
faint. Following mold growth on 15 of these samples, all gave a positive reaction with two 
urine samples, one saliva sample, and one vaginal secretions sample showing a more 
intense color change than before mold growth. All p30 and Sg testing yielded negative 
results, even when AP results were positive. 
This study demonstrates that a variety of foods, yeast and mold have detectable 
levels of acid phosphatase in the absence of semen using the AP Spot test. This study also 
demonstrated that semen-free moldy samples with detectable levels of acid phosphatase 
did not yield positive p30 or Sg testing results. Thus, evidence that has developed mold or 
come into contact with mold spores or certain food products should be interpreted with 
caution when positive AP Spot test results are obtained and may warrant subsequent 
immunological and microscopic testing. 
vii 
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1. INTRODUCTION 
1.1 Semen in Forensic Casework 
Semen is a frequently encountered biological fluid in the processing of forensic 
evidence, particularly in cases of sexual assault. Semen is composed of seminal plasma, 
which is the non-cellular fluid part of semen, and spermatozoa. The majority of seminal 
fluid originates in the prostate and seminal vessels, while other components originate from 
the bulbourethral glands and the epididymis. The concentration of individual seminal 
components depends in part on factors such as age, gland activity, health, and the 
abstinence period between ejaculation.(1–3)  
 
1.2 Presumptive Indication of Semen 
Three proteins found within the seminal fluid are commonly used in forensic 
casework to presumptively indicate the presence of semen. These proteins are acid 
phosphatase (AP), protein p-30 (p30) also known as prostate-specific antigen (PSA), and 
semenogelin (Sg).(1) 
Acid phosphatase is a water-soluble enzyme which functions to cleave organic 
phosphate groups. Protein p-30 is a serine protease which functions to cleave Sg. Both 
proteins are produced in the human prostate gland. Semenogelin has two major isoforms, 
SgI and SgII, both of which are produced in the seminal vesicle, and are responsible for 
the coagulation activity of semen post-ejaculation. Semenogelin has also been found in 
human muscle, kidneys, and colon, while p30 has been found in urine, feces, and breast 
milk, as well as in some tumors. Though it is found in high concentrations in semen, acid 
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phosphatase is not specific to human semen either, as it has also been found in vaginal 
secretions, urine, and saliva, though in lower concentrations. Due to this non-specificity, 
the presence of AP, p30, and Sg in a dried stain are presumptive indicators of seminal 
fluid.(1,2,4–6) 
The only confirmatory test for semen is the microscopic visualization of 
spermatozoa, the major cellular component of semen. Each spermatozoon is formed during 
spermiogenesis and is stored in the epididymis prior to ejaculation. Normal spermatozoa 
have a smooth head containing a defined acrosome, with an aligned midpiece and tail. The 
mitochondria can be found in the midpiece, while the nucleus is located in the head. Defects 
such as tapered heads, asymmetrical midpieces, and bent or broken tails may be present in 
nearly half of all cells. The midpiece and tail may also become dislodged from the head 
prior to forensic examination.(1,2) Azoospermia, or the lack of spermatozoa in ejaculated 
semen, and oligospermia, an unusually low concentration of spermatozoa in ejaculated 
semen, may cause difficulties in confirming semen in forensic stains.(3,7) 
 
1.2.1 Acid Phosphatase Spot Testing 
 A common method of presumptive testing for the presence of semen on a biological 
evidence sample is the use of a colorimetric test for the chemical detection of acid 
phosphatase. The test is quick and inexpensive to perform and may indicate further analysis 
is warranted on an item of evidence. The AP Spot test, or Brentamine test, detects AP 
activity in a possible semen sample. When AP is present in a sample, it reacts with α-
napthyl phosphate in the test reagent, and a free napthol will be released. This free napthol 
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will then couple with a diazonium salt (e.g. Fast Blue B) in the test reagent, producing a 
distinct violet color change.(8) This reaction is typically expected to occur within one to 
two minutes of application of the solution, but studies have shown that low AP 
concentrations, such as those found in dilute semen stains, may require longer reaction 
times, with a ten-minute testing period recommended. Studies of longer testing periods 
reported detection of AP in up to 1/1000 dilutions.(9,10) The AP spot test is considered a 
screening method for semen as AP is found in other biological samples, and further testing 
is required if semen confirmation is desired.(1,8) 
 Other samples that are known to contain detectable levels of AP include vaginal 
secretions, saliva, urine, certain foods, plants, animal fluids, and other miscellaneous 
substances.(1,8,11,12) In a study by Raju and Iyengar, a violet color change was observed 
when testing basil, coffee, dates, and figs, though this change was not as vivid as with neat 
semen stains. Further, visually similar pink color changes occurred with a variety of foods 
tested, and some foods and miscellaneous stains cycled through numerous colors before 
resulting in a violet color.(11) In a study by Hooft and van de Voorde using paper strip AP 
tests, positive results were obtained from blood samples, vaginal secretions, several 
vegetables, raw meat, chocolate, several spices, and two water samples. Each false positive 
color change was noted to be limited, with only some of the replicate samples testing 
positive while the rest were negative. For example, of the 10 cauliflower samples tested, 2 
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showed a positive result, while the remaining 8 samples showed a negative result. Overall, 
this resulted in a 2.6% false positive rate.(12)  
 
1.2.2 ABAcard® p30 Immunochromatographic Assay 
 The ABAcard® p30 test is a lateral flow immunochromatographic assay used to 
presumptively indicate semen through qualitative detection of p30. Studies have shown it 
to be able to detect semen dilutions of up to 1/1,000,000.(13–15) The assay consists of a small 
plastic cartridge with an absorbent membrane spanning from a sample well to a test region 
and control region. In the sample well, mobile dye-labeled monoclonal anti-human p30 
antibodies (Ab*) are present on the membrane. If human p30 antigen (Ag) is present in the 
sample extract, it will bind to the Ab* and form an Ab*-Ag complex. This complex will 
migrate to the test region through capillary action, where it will encounter and bind to an 
immobilized anti-human p30 antibody (Ab). This forms an immobile antibody-antigen-
antibody sandwich. The dye-labeled particles will accumulate at the test region and form a 
visible pink line. If there is no p30 antigen present in the sample, no sandwich will form, 
and no line will appear at the test region. In either case, unbound Ab* will travel to the 
control region and bind to additional immobile Ab present, forming a visible pink line 
when the test cartridge is functioning properly. (13,14) The ABAcard® p30 test can be 
affected by an immunologic phenomenom known as the high dose hook effect, resulting 
in a false negative result, and false positives may result from samples such as male and 
female urine, breast milk, and some cancer cells, as well as non-biological samples such as 
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fruit juice and white wines. Due to this lack of specificity, the ABAcard® p30 test is 
considered by most to be a presumptive test for semen. (1,14–16) 
 
1.2.3 RSID™-Semen Immunochromatographic Assay 
 The RSID™-Semen test is a lateral flow immunochromatographic assay used to 
presumptively indicate semen through qualitative detection of Sg. The manufacturer 
reports that it is able to detect as little as 1 nanoliter (nL) of semen.(17) In the sample well, 
mobile dye-labeled mouse monoclonal anti-human Sg Ab are dye-labeled with colloidal 
gold. This immunochromatographic assay card test uses the same mechanism and follows 
the same method as the ABAcard® p30 test, though the antibodies in the test and control 
regions are specific to Sg, rather than p30.(14,17,18) The RSID™-Semen test can also be 
affected by the high dose hook effect, resulting in false negatives, and the manufacturer 
recommends dilution of large concentrations of semen.(14–18) False positives may result 
from samples such as vaginal secretions, as well as muscle and kidney tissues.(18–20) The 
RSID™-Semen test is considered by most to be highly specific, but still a presumptive test 
due to this lack of specificity.(1,18,20) 
 
1.3 Fungi in the Household 
 Fungi are spore-producing, eukaryotic organisms that include a wide variety of 
species such as molds, yeasts, and mushrooms. It is conservatively estimated that there are 
approximately 1.5 million species of fungi on Earth. They are found across the globe and 
are used for social and commercial gain. Medications, illict drugs, bread, alcohol, 
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fermented foods, food colorants, vitamins, preservatives, and pesticides are derived from 
fungi, all of which may come into contact with a person or object of forensic relevance. 
Fungi also grow unwanted in human spaces, notably in the form of mold in damp, enclosed 
areas.(21,22) 
 Food is susceptible to fungal growth when left in improper conditions, such as 
damp spaces, warm temperatures, and improper lighting. The growth may be visible to the 
naked eye as discoloration or fuzzy patches, or may only be noticed upon consumption. 
The rot is frequently due to the mold’s extracellular production of enzymes such as AP 
during its growth period, and may continue below the surface of the food even if the 
exterior is cleaned.(23–25) Some molds, known as xerophilic fungi, may grow in storage 
areas with low moisture, and others may have resistance to preservatives. Many are heat-
resistant, with some able to survive oven temperatures.(25,26) Other fungi may be 
intentionally introduced to food during its creation, as with the various Penicillium species 
used to ripen cheese. Without proper factory conditions, packaging, or storage, cheese may 
be contaminated with unwanted fungal growth as well.(27,28) 
 Certain common species of fungi are known to dephosphorylate organic 
compounds, though there does not appear to be conclusive documentation of the role of 
AP in fungal life. In a study by Tarafdar, Rao, and Bala, phosphatase activity was tracked 
in twelve different strains of fungi, all of which produced both acid and alkaline 
phosphatases.(29) Acid phosphatase was more frequently produced by fungi than alkaline 
phosphatase, though that amount varied between species, and production was both intra- 
and extracellular.(29,30) The production of AP peaked at 14 days of incubation, with a steady 
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decline in production thereafter.(29) In a later study by Tarafdar, Yadav, and Meena, the 
efficiency of the AP produced by a selection of fungi was compared to the efficiency of 
AP produced by plants, and the fungal AP released two to three times more phosphorous 
than the plant AP.(31)  
 
1.3.1 Yeast 
 Yeast is a fungus deliberately introduced to foods such as bread and alcohol. The 
most common kitchen strain is the baking yeast Saccharomyces cerevisiae (S. cerevisiae), 
though there are over 1000 known species. This may be bought commercially, either as 
live yeast or in partially-dead yeast cultures.(32) Yeast produces enzymes, including AP, 
both intra- and extracellularly, and can function in both anaerobic and aerobic 
environments.(33,34) S. cerevisiae is known to produce at least six different types of acid and 
alkaline phosphatases.(35) The production of the major phosphatase isoenzyme, a 
repressible extracellular AP, is regulated primarily by the PHO5 gene.(36) Yeasts may also 
be found in the skin and intestinal tract of humans and animals, as well as in plants, soil, 
and water.(32) 
 
1.3.2 Aspergillus niger 
 Aspergillus niger (A. niger) is a common black mold. It is typically considered a 
benign fungus, and is used in production of organic acids. Glucose oxidase, lipase, and α-
amylase from A. niger are used in commercial baking, lactase and catalase are used in 
commercial dairy processing, and pectinase and naringinase are used in commercial juice 
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processing.(37–39) A. niger is xerophilic and can grow with water activity (aw) as low as 0.77 
with a temperature of 35 degrees Celsius (°C). A. niger produces intra- and extracellular 
AP.(25,26) Production of the extracellular AP is regulated in a similarly repressed fashion as 
the extracellular AP production of yeast, with one or more genes such as N402A expressing 
in response to concentrations of environmental phosphate.(36,38–41) In a study by Hidayat, 
Eriksen, and Wiebe, potential of hydrogen (pH) and dilution rates were also determined to 
be factors in AP activity. The most activity occurred at pH 2.8 and pH 6.3, and activity 
increased with fungal growth at dilution rates above 0.07 units per hour (h-1).(41)  
 
1.3.3 Aspergillus flavus 
 Aspergillus flavus (A. flavus) is a common yellow-green mold, often found 
contaminating wheat-based food products.(39,42) In a study by Al-Wadai, Al-Othman, 
Mahmoud, and Abd El-Aziz, A. flavus occurred at a frequency of 33.40% in grain from the 
Riyadh region, 30.40% in grain from the Dammam region, and 30.70% in grain from the 
Abha regions in Saudi Arabia.(43) It is a known producer of aflatoxins, which are natural 
carcinogens that can be dangerous for human consumption.(39,42) Of the 19 isolated A. 
flavus species by Al-Wadai et al., 15 tested positive for aflatoxins.(43) A. flavus is a 
xerophilic fungus and can grow at water lows of 0.80 aw and a temperature of 30°C. It 
produces intra- and extracellular AP.(25,26) Production of AP is regulated by the external 
concentration of phosphate, with production increasing in tandem with increased external 
phosphate, though concentrations of external phosphatase over 100 millimoles per liter 
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(mmol/L) will repress further production. Upon purification of specific AP, maximum 
activity is seen at pH 4.0 and 35°C.(44) 
 
1.3.4 Fusarium oxysporum 
 Fusarium oxysporum (F. oxysporum) is a common soil mold that is frequently 
found in diseased plants such as wheat, tomatoes, potatoes, flax, and ornamental flowers. 
It is the fungus behind the colloquially-termed “Panama Disease” and is considered one of 
the largest threats to banana crops.(45,46) It is an anaerobic fungus, with growth unaffected 
by atmospheres up to at least 80% carbon dioxide, allowing it to grow within sealed liquids 
in a yeast-like fashion.(25,26) F. oxysporum species produce at least one type of AP, and the 
differentiation between AP types may serve to distinguish the species from one another 
and allow for determination of potential pathogenicity.(47,48) In a study by Yu, the fungus’ 
reliance on a phosphate-rich environment left it vulnerable to anti-fungal injections of 
phosphite, with a noticeable inhibition of growth under high phosphite concentrations.(49,50)  
 
1.3.5 Penicillium chrysogenum 
 Penicillium chrysogenum (P. chrysogenum) is a common yellow-green mold that 
is the major source of the antibacterial drug penicillin. It is frequently found in foods such 
as cheese, seeds, cereals, and dried meats, as well as in soil, animal habitats, and human 
structures such as hot water tanks.(51,52) It is a long-lived fungus, with viable spores found 
in sealed tubes up to eight years after being collected, even in temperatures of up to 
40°C.(52) It is a xerophilic fungus and can grow at water lows below 0.80 aw.(25,26) P. 
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chrysogenum produces intra- and extracellular AP, and its extracellular AP is a 
glycoprotein that becomes a dominant product when in a low-phosphate environment. In a 
study by Haas, Redl, Leitner, and Stoffler, the AP produced had highly similar properties 
to AP produced by yeast. The AP showed maximum activity at pH 5.5, with a loss of 
activity below pH 3.5 and above pH 7.0, and at temperatures of 60°C.(53)   
 
1.3.6 Penicillium camemberti 
 Penicillium camemberti (P. camemberti) is a common mold intentionally 
introduced during the production of many soft cheeses that forms a distinctive white 
crust.(54,55) It is also capable of producing potentially dangerous mycotoxins such as 
cyclopiazonic acid, though in low concentrations.(56) P. camemberti shows very little 
mutation between generations, with no major differences observed over a period of 45 
years.(52) It is not a xerophilic fungus, as it is not capable of growth at water lows below 
0.80 aw.(25,26) Little has been published in regards to the AP activity of P. camemberti, but 
it is known to produce both intra- and extracellular lipases and proteases.(57)  
 
1.4 Study Objectives 
 This study had three primary goals. The first goal was to determine whether known 
cultured molds and unknown home-grown molds would produce positive results with an 
AP spot test. The second goal was to determine whether the presence of mold on non-
semen biological stains would produce positive results with an AP spot test. The third goal 
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was to determine whether any AP-positive mold samples in the absence of semen would 
produce positive results in p30 and Sg testing. 
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2. MATERIALS AND METHODS 
2.1 Sample Collection 
Non-moldy food and yeast samples were purchased from Target or Whole Foods 
Market, or were collected from individual donors. Each sample was packaged separately 
in a plastic Ziploc® bag (S.C. Johnson & Son, Inc., Racine WI). Samples were stored at 
approximately 4°C until use, to prevent unwanted molding.  
Moldy food, paper, and plant samples were collected from individual donors or 
grown in the lab on non-moldy samples. Each sample was packaged separately in a plastic 
Ziploc® bag. Samples were stored at room temperature until use, to encourage continued 
mold growth. 
Mold cultures of A. niger, A. flavus, F. oxysporum, P. chrysogenum, and P. 
camemberti (Carolina Biological Supplies, Burlington NC) were purchased. Each culture 
was transferred to a new potato dextrose agar media plate (Carolina Biological Supplies) 
using a sterilized reusable nichrome inoculation loop (LabAider, Guangdong China). Each 
sample was stored at room temperature to encourage continued growth. After growth was 
visualized, each sample was examined and photographed under a compound microscope 
at 400x magnification. 
Liquid urine samples were self-collected from 5 volunteers in individual sterile 
urine collection cups. Liquid saliva samples were self-collected from 7 volunteers in 
individual sterile microcentrifuge tubes. Vaginal secretions samples were self-collected 
from 5 volunteers on individual disposable panty liners, worn for approximately 24 hours, 
and stored in individual sealed envelopes. All urine and vaginal secretions donors were 
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instructed to refrain from sexual activity for 7 days prior to collection. All volunteers who 
provided biological samples were female. Human samples were acquired using a protocol 
approved by the Boston University School of Medicine Institutional Review Board. Each 
sample was stored at approximately 4°C until use. 
 
2.2 AP Spot Testing 
 The AP Spot solution was prepared daily using 0.13 grams (g) of AP Spot reagent 
(SERI, Richmond CA) mixed with 5 milliliters (mL) of water. The solution was stirred 
until the reagent was completely dissolved. 
 Positive and negative controls were tested every day prior to sample testing to 
ensure the reagent was working properly. A clean cotton swab was used for the negative 
control and a known semen sample collected on a cotton swab was used for the positive 
control. A small cutting of each swab was cut off and placed onto individual clean filter 
papers. Five drops of AP Spot solution were placed onto each cutting. A positive test result 
was indicated by a color change to violet or pink-violet. A negative test result was indicated 
by no color change during the 5 minute testing period. Some test results appeared pink or 
pink-orange in color while testing a pink or red-colored sample; these results were 
considered inconclusive due to the lack of distinction between any color change occurring 
as a result of the chemical reaction and the sample itself. Photographs were taken at the 
end of the testing period (Figure 1). The same testing method was used for all samples. 
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Figure 1. Image of AP Spot test positive and negative controls. A positive result is indicated by a violet 
color change. A negative result is indicated by no color change. 
 
2.2.1 Food, Yeast, Paper, and Plant Samples 
 Two small cuttings of each non-moldy sample were removed and placed onto 
individual clean filter papers. One cutting was treated with five drops of AP Spot solution, 
and the second cutting was treated with five drops of water (H2O). The cuttings were 
monitored during the 5 minute testing period. Observations were made at the 30 second 
mark, then at each minute mark. All testing was done in triplicate. A strong positive result 
was noted when a dark, intense color change to violet or pink-violet, comparable to the 
neat semen control, was observed. 
 After testing the non-moldy samples, they were stored at approximately 20°C until 
mold developed. Once visible mold had grown, two cuttings of the mold were removed 
and placed onto individual clean filter papers. All AP Spot testing steps taken for the non-
moldy samples were repeated.  
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2.2.2 Mold Culture Samples 
 Each mold culture was tested 3 times after being transferred to a new agar plate, 
over a period of 17 days. The first test was done 3 days post-transfer, the second test was 
done 10 days post-transfer, and the third test was done 17 days post-transfer. The plates 
were stored at room temperature in between testing. 
 Two small scrapings of mold from each culture were removed and placed onto 
individual clean filter papers. The AP Spot tests were performed following the same 
procedure as that used for the moldy and non-moldy food, yeast, paper, and plant samples. 
All testing was done in triplicate. 
 
2.2.3 Biological Samples 
 Each biological sample was tested for inherent AP positivity following the same 
procedure as the non-biological samples. To prepare the samples, a clean cotton swab was 
dipped into each liquid urine and liquid saliva sample. Each panty liner containing vaginal 
secretions was swabbed with a moist clean cotton swab to use for subsequent testing. All 
testing was done in triplicate. 
 After testing, 10 mL of each liquid urine sample was transferred to an individual 
clean panty liner. The entirety of each liquid saliva sample was transferred to an individual 
clean panty liner. Each dried vaginal secretions sample was misted with water. All panty 
liners were placed into individual clean Ziploc® bags and sealed to encourage mold 
growth. All samples were stored at approximately 20°C and were misted once per week to 
keep them moist until mold developed. 
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 Once visible mold had grown, each panty liner was swabbed with a clean, 
moistened cotton swab and tested for AP following the same procedure as the non-moldy 
samples. All testing was done in triplicate.  
 
2.3 ABAcard® p30 Testing 
 Positive and negative controls were tested prior to sample testing. Three hundred 
microliters (µL) of neat ABAcard® p30 extraction buffer (Abacus Diagnostics, West Hills 
CA) were used for the negative control while a known semen sample collected on a cotton 
swab was used for the positive control. A small cutting of the swab was removed and placed 
into a clean microcentrifuge tube along with 300 µL of ABAcard® p30 extraction buffer, 
and was then allowed to sit at room temperature for approximately 20 minutes, vortexing 
every 10 minutes. The tests were run following the manufacturer’s instructions.(13) 
Photographs were taken at the end of the testing period.  
 The ABAcard® p30 test was employed for all biological samples, all mold culture 
samples, and in any food, yeast, paper, plant, and mold samples that showed a strong (dark, 
intense color) positive result in the AP Spot testing. Each sample was swabbed with a clean 
cotton swab, a small cutting of the swab was placed into a clean microcentrifuge tube, 
extracted in the p30 buffer, and tested per the manufacturer’s instructions. 
 
2.4 RSID™-Semen Semenogelin Testing 
 Controls were run prior to sample testing. Three hundred microliters of neat 
RSID™ Universal Buffer (Independent Forensics, Lombard IL) were used for the negative 
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control and a known semen sample collected on a cotton swab was used for the positive 
control. A small cutting of the swab was placed into a clean microcentrifuge tube along 
with 300 µL of RSID™ Universal Buffer. Each sample was allowed to sit at room 
temperature for approximately 20 minutes, vortexing every 10 minutes. The tests were run 
following the manufacturer’s instructions.(17) Photographs were taken at the end of the 
testing period. 
 The RSID™-Semen test was used for all biological samples, all mold culture 
samples, and in any food, yeast, paper, plant, and mold samples that showed a strong 
positive result in the AP Spot testing. Each sample was swabbed with a clean cotton swab 
and a small cutting of the swab was placed into a clean microcentrifuge tube, extracted in 
RSID™ Universal Buffer, and tested per the manufacturer’s instructions.  
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3. RESULTS  
3.1 Non-Moldy Food and Yeast Sample AP Spot Testing 
A total of 26 non-moldy food and miscellaneous samples were tested using the AP 
Spot test. Of those tested, 16 showed a positive color change result within the 5 minute 
observation period (Table 1). Ten of the positive samples were yeast-based bread products, 
two were fruits, and four were types of edible mushrooms. All H2O controls showed no 
color changes. 
 Of those samples that tested positive, the butter bread, banana, and pear showed a 
strong positive result within 30 seconds (Figures 2-4). The cremini mushroom showed a 
violet color change within 1 minute (Figure 5) and the portobello, shitake and white 
mushrooms showed a violet color change at the 2 minute mark (Figures 6-8). All other 
positive results were faint and more pink in color than the violet color change observed in 
the semen positive control. 
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Table 1. AP Spot test results for non-moldy food and yeast samples. Results were labeled as “+” when a 
violet or pink-violet color change was observed. Results were labeled as “-” when no violet color change was 
observed. Results were labeled as “I” when a pink or pink-orange color was observed on samples that were 
naturally pink, violet, or red. 
 
Sample Type AP Spot 1 AP Spot 2 AP Spot 3 
Cherry I I I 
Strawberry I I I 
Tomato - - - 
Strawberry preserves I I I 
Pasta sauce - I - 
Enriched Italian bread + + + 
Saltine + + + 
Butter bread + + + 
365 brand white bread + + + 
Pita bread + + + 
Everything bagel + + + 
Giant Country Kitchen® brand white bread + + + 
English muffin + + + 
Split-top roll + + + 
Blueberry I I I 
Banana + + + 
Garlic - - - 
Cremini mushroom + + + 
Portobello mushroom + + + 
Shitake mushroom + + + 
Carrot - - - 
Cucumber - - - 
Pear + + + 
Yeast (dry) - - - 
Yeast (wet) - - - 
Yeast (re-dried for 3 weeks) + + + 
White mushroom + + + 
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Figure 2. Image of butter bread with AP Spot test solution (left) and water (right). Color change 
appeared within 30 seconds. Image was taken at the 5 minute mark. 
 
 
Figure 3. Image of banana with AP Spot test solution (left) and water (right). Color change appeared 
within 30 seconds. Image was taken at the 5 minute mark. 
 
 
Figure 4. Image of pear with AP Spot test solution (left) and water (right). Color change appeared within 
30 seconds. Image was taken at the 5 minute mark. 
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Figure 5. Image of cremini mushroom with AP Spot test solution (left) and water (right). Color change 
appeared within 1 minute. Image was taken at the 5 minute mark. 
 
 
Figure 6. Image of portobello mushroom with AP Spot test solution (left) and water (right). Color 
change appeared at the 2 minute mark. Image was taken at the 5 minute mark. 
 
 
Figure 7. Image of shitake mushroom with AP Spot test solution (left) and water (right). Color change 
appeared at the 2 minute mark. Image was taken at the 5 minute mark. 
 
22 
 
Figure 8. Image of white mushroom with AP Spot test solution (left) and water (right). Color change 
appeared at the 2 minute mark. Image was taken at the 5 minute mark. 
 
3.2 Moldy Food, Paper, and Plant Sample AP Spot Testing 
A total of 26 moldy food and miscellaneous samples were tested using the AP Spot 
test. Of those tested, 16 showed a positive color change result within the 5 minute 
observation period (Table 2). Six of the positive samples were yeast-based bread products, 
five were vegetable products, three were unknown foods left for months in a shared 
refrigerator, one was a dairy product, one was a fruit product, and one was a plant. All H2O 
controls showed no color changes.  
All positive results were faint and more pink in color than the expected violet color 
seen in the positive control. 
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Table 2. AP Spot test results for moldy food, paper, and plant samples. Results were labeled as “+” when 
a violet or pink-violet color change was observed. Results were labeled as “-” when no violet or pink-violet 
color change was observed. Results were labeled as “I” when a pink or pink-orange color was observed on 
samples that were naturally pink, violet, or red. 
 
Sample Type AP Spot 1 AP Spot 2 AP Spot 3 
Cherry mold I I I 
Strawberry mold I I I 
Tomato mold - - - 
Unknown food #1 + + + 
Unknown food #2 + + - 
Unknown food #3 + + + 
Strawberry preserves mold I I I 
Potato mold + + + 
Pasta sauce mold I I - 
Blueberry mold I I I 
Yogurt label mold - - - 
Yogurt mold + + + 
Clementine mold - - - 
Onion mold + + + 
Garlic mold (white) + + + 
365 brand white bread mold (white) + + + 
365 brand white bread mold (yellow) + + + 
Enriched Italian bread mold + + + 
Pita bread mold + + + 
Giant Country Kitchen® brand white bread 
mold 
+ + + 
Split-top roll mold + + + 
Garlic mold (gray) + + + 
Tree fungus + + + 
Cucumber mold - - - 
Carrot mold - - - 
Pear mold + + + 
 
3.3 Mold Culture Growth  
 After transfer to new agar plates, all mold spores grew into viable cultures within 3 
days; growth was documented over 17 days. The cultures appeared bright and healthy at 3 
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days (Figures 9-13), with darkening edges and a visible decrease in the color and amount 
of agar medium at 10 days, and a further darkening and decrease by 17 days. 
 
Figure 9. Image of A. niger in a petri dish (left) and under total 400x magnification (right). Image taken 
at 3 days post-transfer. 
 
 
Figure 10. Image of A. flavus in a petri dish (left) and under total 400x magnification (right). Image 
taken at 3 days post-transfer. 
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Figure 11. Image of P. chrysogenum in a petri dish (left) and under total 400x magnification (right). 
Image taken at 3 days post-transfer. 
 
 
Figure 12. Image of P. camemberti in a petri dish (left) and under total 400x magnification (right). 
Image taken at 3 days post-transfer. 
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Figure 13. Image of F. oxysporum in a petri dish (left) and under total 400x magnification (right). Image 
taken at 3 days post-transfer. 
 
3.3.1 Mold Culture AP Spot Testing 
 A total of 15 mold culture samples were tested using the AP Spot test. Of those 
tested, 13 showed a positive color change result within the 5 minute observation period 
(Table 3). All H2O controls showed no color changes. 
 A. flavus showed its strongest positive result at 3 days post-transfer, with a violet 
color change at the 2 minute mark (Figure 14). A. niger, P. chrysogenum, and F. oxysporum 
showed the strongest positive result at 10 days post-transfer, with A. niger showing a violet 
color change within 30 seconds (Figure 15), and both P. chrysogenum and F. oxysporum 
showing a violet color change at the 2 minute mark (Figure 16-17). P. camemberti showed 
its strongest positive result at 17 days post-transfer, with a violet color change at the 2 
minute mark (Figure 18). 
 
 
27 
Table 3. AP Spot test results for mold culture samples. Results were labeled as “+” when a violet or pink-
violet color change was observed. Results were labeled as “-” when no violet or pink-violet color change was 
observed.  
 
Sample Type AP Spot 1 AP Spot 2 AP Spot 3 
A. niger, day 3 + + + 
A. niger, day 10 + + + 
A. niger, day 17 + + + 
A. flavus, day 3 + + + 
A. flavus, day 10 + + + 
A. flavus, day 17 + + + 
P. chrysogenum, day 3 - - - 
P. chrysogenum, day 10 + + + 
P. chrysogenum, day 17 + + + 
P. camemberti, day 3 + + + 
P. camemberti, day 10 + + + 
P. camemberti, day 17 + + + 
F. oxysporum, day 3 - - - 
F. oxysporum, day 10 + + + 
F. oxysporum, day 17 + + + 
 
 
Figure 14. Image of A. flavus with AP Spot test solution (left) and water (right). Color change appeared 
at the 2 minute mark. Image was taken at the 5 minute mark. 
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Figure 15. Image of A. niger with AP Spot test solution (left) and water (right). Color change appeared 
within 30 seconds. Image was taken at the 5 minute mark. 
 
 
Figure 16. Image of P. chrysogenum with AP Spot test solution (left) and water (right). Color change 
appeared at the 2 minute mark. Image was taken at the 5 minute mark. 
 
 
Figure 17. Image of F. oxysporum with AP Spot test solution (left) and water (right). Color change 
appeared at the 2 minute mark. Image was taken at the 5 minute mark. 
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Figure 18. Image of P. camemberti with AP Spot test solution (left) and water (right). Color change 
appeared at the 2 minute mark. Image was taken at the 5 minute mark. 
 
3.4 Non-Moldy Human Biological Sample AP Spot Testing 
 A total of 17 semen-free biological samples were tested using the AP Spot test. Five 
urine samples (Urine A-E), 7 saliva samples (Saliva A-G), and 5 vaginal secretions samples 
(Vaginal A-E) were tested. Of those tested, 16 showed a positive color change result within 
the 5 minute observation period (Table 4). All H2O controls showed no color change. 
 Two saliva samples (Saliva A and D) showed strong positive results comparable to 
the positive control semen sample and were thus removed from the study. All other positive 
reactions were very faint, and occurred at the 1 minute mark or later. 
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Table 4. AP Spot test results for non-moldy biological samples. Results were labeled as “+” when a violet 
or pink-violet color change was observed. Results were labeled as “-” when no violet or pink-violet color 
change was observed.  
 
Sample Type AP Spot 1 AP Spot 2 AP Spot 3 
Urine A + + + 
Urine B + + + 
Urine C + + + 
Urine D + + + 
Urine E + + + 
Saliva A + + + 
Saliva B + + + 
Saliva C + - + 
Saliva D + + + 
Saliva E + + + 
Saliva F + + + 
Saliva G + + - 
Vaginal A - - - 
Vaginal B + + + 
Vaginal C + + + 
Vaginal D + + + 
Vaginal E + + + 
 
3.5 Moldy Human Biological Samples 
 A total of 15 human biological samples were stored in a drawer at room temperature 
to encourage mold growth for a period of 2 months. Despite being stored together under 
the same conditions, the samples grew visibly different types of mold (Figures 19-33). All 
samples except one (Figure 19) developed visible mold spores. One urine sample and one 
vaginal secretions sample (Figures 21, 30) developed very few visible mold spores, with 
substrate color changes being the major indicators of mold growth. Two urine samples 
(Figures 19, 21) also developed a change in odor, with a pungent scent that was not 
noticeable in the other samples.  
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Figure 19. Image of mold growth on Urine A sample prior to testing. A bright yellow-green color and a 
pungent scent developed despite the lack of visible spore growth. 
 
 
Figure 20. Image of mold growth on Urine B sample prior to testing. 
 
 
Figure 21. Image of mold growth on Urine C sample prior to testing. A bright yellow-green color change 
and a pungent scent developed despite the low amount of visible spore growth. 
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Figure 22. Image of mold growth on Urine D sample prior to testing. 
 
 
Figure 23. Image of mold growth on Urine E sample prior to testing. 
 
 
Figure 24. Image of mold growth on Saliva B sample prior to testing. 
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Figure 25. Image of mold growth on Saliva C sample prior to testing. 
 
 
Figure 26. Image of mold growth on Saliva E sample prior to testing. 
 
 
Figure 27. Image of mold growth on Saliva F sample prior to testing. 
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Figure 28. Image of mold growth on Saliva G sample prior to testing. 
 
 
Figure 29. Image of mold growth on Vaginal A sample prior to testing. 
 
 
Figure 30. Image of mold growth on Vaginal B sample prior to testing. Gray-brown and red-brown 
patches developed despite the low amount of visible spore growth. 
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Figure 31. Image of mold growth on Vaginal C sample prior to testing. 
 
 
Figure 32. Image of mold growth on Vaginal D sample prior to testing. 
 
 
Figure 33. Image of mold growth on Vaginal E sample prior to testing. 
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3.5.1 Moldy Biological Samples AP Spot Testing 
 A total of 15 moldy biological samples were tested using the AP Spot test. All 15 
samples showed a positive color change result within the 5 minute observation period. Two 
urine samples, one saliva sample, and one vaginal secretions sample showed stronger 
positive results than before mold growth (Figures 34, 36, 38, 40). One urine sample and 
the vaginal secretions sample (Figures 35, 41) showed a violet color change within 1 
minute. The second urine sample (Figure 37) showed a violet color change within 30 
seconds. The saliva sample (Figure 39) showed a violet color change at the 2 minute mark. 
All H2O controls showed no color change. 
 
Figure 34. Image of non-moldy Urine A sample with AP Spot solution (left) and water (right). Color 
change appeared at the 2 minute mark. Image was taken at the 5 minute mark. 
 
 
Figure 35 Image of moldy Urine A sample with AP Spot solution (left) and water (right). Color change 
appeared within 1 minute. Image was taken at the 5 minute mark. 
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Figure 36. Image of non-moldy Urine D sample with AP spot solution (left) and water (right). Color 
change appeared at the 1 minute mark. Image was taken at the 5 minute mark. 
 
 
 
Figure 37. Image of moldy Urine D sample with AP Spot solution (left) and water (right). Color change 
appeared within 30 seconds. Image was taken at the 5 minute mark. 
 
 
Figure 38. Image of non-moldy Saliva C sample with AP Spot solution (left) and water (right). Color 
change appeared at the 2 minute mark. Image was taken at the 5 minute mark. 
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Figure 39. Image of moldy Saliva C sample with AP Spot solution (left) and water (right). Color change 
appeared at the 2 minute mark. Image was taken at the 5 minute mark. 
 
 
Figure 40. Image of non-moldy Vaginal A sample with AP spot solution (left) and water (right). No 
color change appeared. Image was taken at the 5 minute mark.  
 
 
Figure 41. Image of moldy Vaginal A sample with AP Spot solution (left) and water (right). Color 
change appeared within 1 minute. Image was taken at the 5 minute mark. 
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3.6 ABAcard® p30 and RSID™-Semen Immunoassay Testing 
 A total of 27 samples were tested using both ABAcard® p30 immunoassay cards 
and RSID™-Semen immunoassay cards. This included all 15 moldy biological samples, 
all 5 mold culture samples, the non-moldy butter bread sample, the non-moldy banana 
sample, the non-moldy pear sample, and all 4 edible mushroom samples. All samples 
showed negative results for both p30 and Sg. 
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4. DISCUSSION 
4.1 Non-Moldy Food and Miscellaneous Samples 
 Of the 26 non-moldy samples tested with AP Spot solution, 16 showed a positive 
result and 4 showed an inconclusive result. The majority of the positive samples showed a 
fainter, pink color change. This color change was bright and distinct enough to be 
considered a positive, as even an untrained layman could see the clear difference in color 
between the AP Spot result and the H2O control result. However, it was distinct enough 
from the violet color produced in semen samples to avoid being regarded as a true positive 
by experts in the field, as it lacked the more blue-violet tint. The pear, banana, and butter 
bread samples, as well as all four edible mushroom samples, showed strong positive results 
with a violet color change indistinguishable from that caused by semen within 30 seconds. 
This was expected in the case of the mushrooms, as it is well documented that fungi 
produces varying levels of AP. (25,26,36,38–41,44,47–50,53)  The pear, banana, and butter bread, as 
well as the faint positives, add to existing literature documenting the discernable AP 
activity of various food items.(11,12) Evidence collected from food-related locations, or that 
is known or suspected to have come into contact with food products, should be analyzed 
with this potential AP activity in mind.  
 All inconclusive results came from samples with a natural color similar to the 
expected AP color change: cherry, strawberry, strawberry preserves, and blueberry. Due to 
this, it could not be determined whether a chemical color change was taking place when 
AP Spot solution was added. The natural red-violet color of the samples also affected the 
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H2O control, making comparative determination of any possible color change more 
difficult.  
 Despite presumptively positive results from the AP Spot testing, none of the non-
moldy food and miscellaneous samples gave positive results with either the p30 testing or 
the Sg testing. This was expected, as there is no literature supporting the production of p30 
or Sg in any of the products tested and demonstrates the value of subsequent 
immunological testing if food items or evidence that has been contact with food items need 
to be tested for semen. 
 
4.2 Moldy Food Samples 
Of the 26 moldy samples tested with AP Spot solution, 16 showed a positive result 
and 4 showed an inconclusive result. All positive moldy samples showed a fainter, pinkish 
color change consistent with the majority of the positive non-moldy samples. The butter 
bread and the banana samples never developed mold, and as such were unable to be tested 
again for comparison. 
There were notable differences in color change reaction times between the non-
moldy and moldy samples (Table 5). Only two of the moldy samples, the garlic and the 
365 brand white bread, gave faster positive results than the non-moldy samples. As one 
sample was a yeast-based grain product and the other a bulb vegetable, it is perhaps not 
surprising that they each developed visually different types of mold. As such, it is likely 
that these mold species are common in human spaces and may develop on household food 
products. The change in the garlic results is of particular interest, as the non-moldy garlic 
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gave a negative result while both varieties of garlic mold gave faint positive results. It 
would not be unreasonable to suggest that a similar result might be obtained in other food 
or household items as well. Thus, evidence that has come into contact with food materials, 
whether moldy or not, should be examined with possible natural AP activity in mind. 
Table 5. Color change reaction times for positive AP Spot results with non-moldy and moldy samples. 
Results were labeled as “Neg” when no color change was seen. 
 
Sample Type Color Change Reaction Time 
Non-Moldy  Moldy  
Garlic Neg 1 minute (white 
mold) 
1 minute (gray mold) 
365 brand white 
bread  
2 minute  1 minute (white 
mold) 
Within 30 seconds 
(yellow mold) 
Enriched Italian 
bread 
Within 1 minute 3 minute  
Pita bread 2 minute  4 minute  
Giant Country 
Kitchen® brand 
white bread 
1 minute  1 minute  
Split-top roll 1 minute  2 minute  
Pear Within 30 seconds 1 minute  
   
 Despite the faint positive results from the AP Spot testing, none of the moldy food 
samples showed positive results in either the p30 testing or the Sg testing, reiterating the 
value of subsequent immunological testing when exposure to food items or mold growth 
is known or suspected. 
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4.3 Mold Culture Samples 
 Of the 15 mold culture samples tested with AP Spot solution, 13 showed a positive 
result. These results were expected, as there is a large amount of literature supporting high 
AP activity in household molds.(25,26,36,38–41,44,47–50,53)  As these molds are common in the 
household, this variety in AP activity may be a factor to consider when using the AP Spot 
test on moldy evidentiary items. 
 None of the mold culture samples showed positive results for either p30 or Sg, 
providing another indication that immunological test methods may be more indicative of 
the presence of semen than AP testing for items with visible mold growth. 
 
4.4 Non-Moldy Biological Samples 
 Of the 17 non-moldy biological samples tested with AP Spot solution, 16 showed 
a positive result. As the purpose of this study was to identify possible false positives due 
to mold, the two saliva samples that exhibited a distinct violet color change within 30 
seconds were removed from further testing. This allowed for clearer distinction between 
the AP Spot test results of the non-moldy and moldy biological samples. All urine samples 
showed a faint pink color change, with the fastest result at the 1 minute mark. All saliva 
samples showed a faint pink-violet color change, with the fastest result at the 2 minute 
mark. All but one vaginal secretions sample showed a faint pink-violet color change, with 
the fastest result at the 2 minute mark. These three sample types were chosen because they 
are among the most common body fluids to collected at crime scenes, and could possibly 
be visually mistaken for a semen stain or be present on items being tested for AP.(1) The 
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results were expected, as some non-semen biological fluids are known to contain low but 
detectable levels of AP and have been shown to exhibit cross reactivity during presumptive 
semen screening.(1,8–12) 
 
4.5 Moldy Biological Samples 
 All 15 moldy biological samples tested with AP Spot solution showed a positive 
result. The majority of the samples showed the same fainter, pinkish color change that was 
observed in other sample types, with only two urine samples, one saliva sample, and one 
vaginal secretions sample showing a strong positive result. There were notable differences 
in color change times between the non-moldy and moldy samples (Table 6).  
Table 6. Color change times seen in positive AP Spot results with non-moldy and moldy biological 
samples. Results were labeled as “Neg” when no violet color change occurred. 
 
Sample Type Color Change Reaction Time 
Non-Moldy Moldy  
Urine A 2 minute  Within 1 minute 
Urine B 1 minute  2 minute  
Urine C 1 minute  Within 1 minute 
Urine D 1 minute  Within 30 seconds 
Urine E 2 minute  1 minute  
Saliva B 2 minute  1 minute  
Saliva C 2 minute  2 minute  
Saliva E 2 minute  1 minute  
Saliva F 3 minute 1 minute  
Saliva G 2 minute  3 minute  
Vaginal A Neg Within 1 minute 
Vaginal B 2 minute  3 minute  
Vaginal C 2 minute  2 minute  
Vaginal D 2 minute  1 minute  
Vaginal E 2 minute  2 minute  
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 Although the species of each mold was not determined, the color of the mold 
growth was compared to the change in reaction time. The urine samples developed a bright 
yellow non-sporous mold and a sporous brown mold. Three of the urine samples (A, C, D) 
developed the yellow mold. Each of those samples also showed a faster reaction time once 
mold developed, with all positive results appearing within the 1 minute mark, suggesting 
that the yellow mold had a high level of AP activity. Four of the urine samples (B, C, D, 
E) developed the brown mold. There was no clear pattern for this mold, however, as three 
samples showed a faster reaction time, while one showed a slower reaction time.  
 The saliva samples developed a sporous brown mold similar in appearance to that 
seen on the urine samples and a thin, spread-out sporous black mold. Three of the saliva 
samples (B, E, G) developed the black mold. There was no clear pattern for this mold, as 
two samples showed a faster reaction time, while one showed a slower reaction time. Four 
of the samples (C, E, F, G) developed the brown mold. Again, there was no clear pattern 
in reaction times, possibly due in part to the three samples that developed both mold types.  
 The vaginal secretions samples developed a thin sporous brown mold similar in 
appearance to that on the urine and saliva samples, a thin, spread-out sporous black mold 
similar in appearance to that observed on the saliva samples, and a thin non-sporous red-
brown mold. Only one sample (A) developed the brown mold, showing a positive result 
within 1 minute. Four samples (B, C, D, E) developed the black mold and three samples 
(B, D, E) developed the red-brown mold. There was no clear trend observed in reaction 
times for either of the molds. 
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 The sporous brown mold observed on all three sample types did not appear to 
correlate to a consistent reaction time. It did appear to have some AP activity, as the vaginal 
secretions sample (A) had a negative result before mold growth, but a positive result after 
mold developed on the sample. All other results ranged between the 1 minute mark and the 
3 minute mark. The sporous black mold observed on the saliva and vaginal secretions 
samples also showed no consistent reaction times, as results ranged between the 1 minute 
mark and the 3 minute mark. It was unclear whether the molds were the same species, 
despite their visual similarities and simultaneous development. 
 None of the moldy biological samples showed positive results in either the p30 
testing or Sg testing. This was expected, as fungal growth is not known to contain p30 or 
Sg.(1,14–16,18,20) This further illustrates the value of performing subsequent immunological 
tests if moldy biological samples are tested for semen. 
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5. CONCLUSIONS 
Numerous types of fungi and other foods were shown to have detectable levels of 
acid phosphatase in the absence of semen. Evidence that has been stored improperly and 
has developed mold, or evidence that has come into contact with mold spores or food items 
at a crime scene (e.g. items collected from trash bins or dumpsters), should be viewed with 
a conservative mindset when positive AP results are obtained. While samples with semen 
stains will show a distinct violet color change when tested with AP Spot solution, the 
presence of a variety of common fungi, as well as possible remnants of common food items, 
may result in a similar color change, even in the absence of semen. These cross-reactions 
on semen-free samples may be evident if subsequent p30 testing and Sg testing are 
performed and negative results are obtained. A lack of comprehensive serological testing 
may result in non-semen samples being subjected to deoxyribonucleic acid (DNA) testing, 
wasting analyst time and resources. Furthermore, the recovery of a DNA profile resulting 
from non-sexual contact (e.g. touch DNA) could be misattributed to semen, impacting the 
probative value of the evidence in some instances. Subequent immunological testing for 
p30 and Sg and/or microscopic examination for sperm cells are thus recommended if AP 
positive results are obtained from moldy items of evidence. 
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